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DESCRIPTION 



MOBILE-STATION RECEI VTNO METHOD. 
AND MOBILE STAT ION RECEIVER , 

Technical Field 

The present invention relates to a mobile station receiving 
method and receiver for a mobile station and a communication 
system on a down channel in a CDMA (Code Division Multiple 
Access) cellular system, wherein a plurality of signals 
modulated by pseudo noise sequences which are orthogonal 
with each other. 

B ackground Art 

In the down channel of the code division multiple access 
cellular mobile communication system (CDMA cellular), the 
transmission signals to the terminals are modulated by the 
orthogonal pseudo noise sequences which are synchronized 
with each other. 

The interference between the codes is reduced by using the 
synchronized orthogonal codes, thereby obtaining a high 
communication capacity. The mobile terminal filters the 
received signal by using a matching filter which is provided 
with tap coefficients which correspond to the pseudo noise 
sequences allocated to the mobile terminal, in order to select 
the signal directed to the mobile terminal. The output from the 
matching filter becomes great, when the correlation between 
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the pseudo noise sequences indicated by the tap coefficients 
and the received signal. 

The signal transmitted from the base station is distorted 
through a plurality of propagation paths. Therefore, the mobile 
5 station receives a plurality of delayed signal components. 
Accordingly, the waveform outputted from the matching filter 
contains a plurality of peaks affected by propagation losses and 
delays. The mobile station can make good use of the received 
signal, if the mobile station demodulates the plurality of the 
*r 10 peaks independently and combines them. The RAKE receiving 

f° method is indispensable for the CDMA cellular, because it 

w 

utilizes effectively the plurality of signal components dispersed 
m by the plurality of delay times. The RAKE receiving is, for 

s example, described in Proceedings of the IRE, pp. 555-570, 

S 15 March, 1958. 

□ Figure 5 is an example of a conventional mobile receiver 

O 

\a provided with the RAKE receiving unit. The signal received by 

antenna 101 is converted into a base band signal by frequency 
conversion unit 102. The output from frequency conversion 

20 unit 102 is outputted toward code timing detection unit 106 in 
order to measure demodulation timings and received signal 
intensities of signal components of a plurality of delay times. 
The output from frequency conversion unit 102 which contains 
the signal components of the plurality of delay times is also 

25 inputted into despreading unit 103 ~ 105 in order to 
despreading the signal, on the basis of the demodulation 
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timings and the received signal intensities which are detected 
by code timing detection unit 106. 

Further, the outputs from de-spreading units 103 to 105 are 
inputted into decoders 107 to 109 in order to decode the signal 
5 components. The decoded signal components are combined by 
combining unit 110 in order to output received data. 

Figure 6 is an example of a received waveform measured by 
code timing detection unit 106. The horizontal axis represents 
time and the vertical axis represents signal intensity. The 

10 waveform "a" and "b" are the signal components which are 
received at different timings. The two signal components 
through different propagation paths are shown separately for 
simplicity in Figure 6, although they are superimposed in the 
waveform actually received. As shown in Figure 6, the received 

15 waveform has a plurality of peaks due to distortions by 
propagation paths. Code timing detection unit 106 detects the 
peak positions and the peak intensities. 

The communication quality of the mobile station is decided 
only by interference from other cells and noise, because any 

20 interference does not occur in principle in a cell on distortion- 
free down channel, when the orthogonal synchronous codes are 
used by the CDMA transmitter. However, an effect of channel 
distortion is actually inevitable, because signals are spread in 
wide band in the CDMA. 

25 Due to interference caused by the channel distortion, signal 
components of deferent decoding timings are received. Figure 7 
is an example of the waveform measured by code timing 
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Therefore, an object of the present invention is to suppress 
the interference due to the channel distortion in the CDMA 
cellular system, wherein desired signals and undesired signals 
5 are spread by the orthogonal pseudo random codes. 

Disclosure of the Invention 

In the signal receiving method and apparatus for mobile 
station of the present invention in the CDMA cellular system 

10 using the synchronous orthogonal codes on the down channel, 
the mobile receiver or a down channel receiver includes an 
equalizer for equalizing the channel distortion. 

On the down channel of the code division multiple access 
cellular mobile communication system (CDMA cellular), the 

15 signals transmitted to the mobile terminals are spectrum- 
spread signals by the orthogonal codes which are synchronized 
with each other. The signals transmitted by the base station 
are received by the mobile terminals through a plurality of 
propagation paths which causes the channel distortions which 

20 cause a plurality of signal components with a plurality of delay 
times. The signal components at different decoding timings are 
received as interference. The equalizer equalizes the channel 
distortions before decoding the received signals. 
The present invention is directed to the down channel in the 

25 code division multiple access CDMA cellular communication 
system, wherein the base station makes up a plurality of 
spectrum- spread signals by using the orthogonal codes, and 
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transmits them by superposing them in the synchronized state, 
while the plurality of mobile stations receives them which are 
distorted by a plurality of radio channels with different delay 
times. 
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In the signal receiving method and apparatus for mobile 
station of the present invention in the CDMA cellular system 
using the synchronous orthogonal codes on the down channel, 
the mobile receiver or a down channel receiver includes an 
5 equalizer for equalizing the channel distortion. 

On the down channel of the code division multiple access 
cellular mobile communication system (CDMA cellular), the 
signals transmitted to the mobile terminals are spectrum - 
spread signals by the orthogonal codes which are synchronized 
J 10 with each other. The signals transmitted-by the base station 

y are received by the mobile terminals through a plurality of 

Q propagation paths which causes the channel distortions which 

~ { cause a plurality of signal components with a plurality of delay 

times. The signal components at different decoding timings are 
* 15 received as interference. The equalizer equalizes the channel 

O distortions before decoding the received signals. 

M= The present invention is directed to the down channel in the 

CDMA cellular communication system, wherein the base 
station makes up a plurality of spectrum-spread signals by 
20 using the orthogonal codes, and transmits them by superposing 
them in the synchronized state, while the plurality of mobile 
stations receives them which are distorted by a plurality of 
radio channels with different delay times. In this 
communication system, the mobile station comprises a 
25 frequency conversion unit for converting the signal receive by 
an antenna into a base band signal, a propagation channel 
estimation unit for detecting a frequency characteristic of the 
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radio channel on the basis of the uotput from the frequency 
conversion unit, a filter unit for generating the inverse 
characteristic of the radio channel, and a decoding unit for 
decoding the output from the filter unit. 
5 According to the present invention, the interference due to the 
channel distortion is eliminated, because the delay is 
eliminated by the equalization of the frequency characteristic 
by generating the inverse frequency characteristic. Accordingly, 
the communication quality becomes high and the 

10 communication capacity becomes large, due to the elimination 
of the interference. 

The distortion of the desired signal from the connected base 
station is the same as that of the interference signal, because 
the propagation paths of the desired signal is the same as that 

15 of the interference signal. Therefore, the interference is 
eliminated by equalizing the channel distortion suffered by the 
signal received by the mobile station. 

Brief Explanation of the Drawings 
20 Figure 1 shows an embodiment of the mobile terminal of the 
present invention. 
Figure 2 is a waveform outputted from the equalizing filter. 
Figure 3 is a graph of received DUR vs. the number of users 
of the mobile terminals. 
25 Figure 4 shows another embodiment of the mobile terminal of 
the present invention. 
Figure 5 shows a conventional mobile terminal. 
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Figure 6 is a waveform outputted from a matching filter of the 
conventional mobile terminal. 

Figure 7 a waveform outputted from a matching filter of the 
conventional mobile terminal, when interference exists. 
5 Figure 8 is a block diagram of the equalizing filter used by the 
mobile terminal of the present invention. 

Figure 9 is a block diagram of the channel estimation unit 
used by the mobile terminal of the present invention. 

J 10 Best Mode for Carrying Out the Invention 

Jt! The best mode for carrying out the present invention is 

H explained, with reference to the drawings. 

j| [First Embodiment] 

l_ (Construction of the first embodiment) 

£ 15 The first embodiment of the present invention is shown in 

Q Figure 1. In Figure 1, the signal received by antenna 201 is 

C inputted into frequency conversion unit 202 which may be of 

direct system for converting directly the received signal into a 
base band signal, or may be of super heterodyne for converting 
20 the received signal into a base band signal through a radio 
frequency amplification stage, an intermediate frequency 
amplification stage and a detection stage. The output from 
frequency conversion unit 202 is inputted simultaneously into 
both of equalizing filter 203 and channel estimation unit 204. 
25 The transfer function F(f)of equalizing filter 203 is made to be 
the inverse of the transfer function C(f) of the propagation 
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channel which are estimated by channel estimation unit 204. 
Therefore, 

F(f) = 1/C(f) (1) 

, where "f ' is frequency. 
5 Next, the output from equalizing filter is inputted 
simultaneously into both of de -spreading unit 205 and code 
timing detection unit 206. Code timing detection unit 206 
measures the decoded timing of the signal component of which 
distortion is eliminated by equalizing filter 203, while de- 
S 10 spreading unit 205 de-spreads the signal component at the 
y decoded timing. The de-spread signal is inputted into decoding 

sj unit 207 in order to output the received data. 

IP 

m Figures 8 and 9 show embodiments of equalizing filter 203 

p and channel estimation unit 204, respectively. Equalizing filter 

15 203 as shown in Figure 8 is a feed forward filter with "n" raps. 

y As shown in Figure 8, the base band signal outputted from 

w 

^ frequency conversion unit 202 goes through delay circuits 

T2031 to 2033 which are connected in series. The outputs from 
delay circuits are multiplied by tap weight coefficients Wl to 

20 W3, respectively, and then added in adder 2038. The output 
fron adder 2038 is outputted toward de-spreading unit 205 and 
code timing detection unit 206. 

The base band signal outputted from frequency conversion 
unit 202 is also inputted into channel estimation unit 204 as 

25 shown in Figure 9. The base band signal includes a pilot signal 
which is a spectrum spread signal with a prescribed pseudo 
noise sequence. Matching filter 2041 is matched to the pilot 
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signal. Therefore, an impulse response is obtained by inputting 
the base band signal into matching filter 2041. The output 
from matching filter 2041 is inputted into weight coefficients 
decision unit 2042 in order to decide tap weight coefficients Wl 
5 to Wn in equalizing filter 2041 as shown in Figure 8. Here, the 
tap weight coefficients Wl to Wn are decided in such a manner 
that the characteristics of equalizing filter is inverse of the 
impulse response of the channel. Weight coefficients decision 

„ unit 2042 outputs the decided tap weight coefficients Wl to Wn 

jj 10 toward equalizing filter 203. 

W Although a single de -spreading unit 205 and a single decoding 

*2 unit 207 are shown in Figure 1, RAKE receiving system which 

fU contains a plurality of de-spreading units and combining the 

0 results of de-spreading may be adopted in order to improve a 

y 15 data error rate. 

p (Explanation of the Operation of the Embodiment) 

Figure 2 shows an example of a received waveform measured 
by timing detection unit 206 in the receiving system for mobile 
station of the present invention. The desired signal is 
20 waveform d"3, while the undesired signal is waveform i"3. 

In Figure 2, the desired signal is separated from the 
undesired signal, for easy understanding, although the 
waveform actually received is a superposition od the two wave 
forms. The output from the matching filter contains 
25 interference due to the undesired signal components at the 
sample points as shown in Figure 7, under the channel 
distortion. 
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However, The interference disappear at the sample points 
where the received signal become maximum, because the 
channel distortion is equalized as shown in Figure 2 in the 
receiving system for mobile station of the present invention. 
5 Figure 3 shows the DUR (Desired to Undesired signal power 
Ratio) of the conventional system as shown in Figure 5 and the 
DUR of the system of the present invention as shown in Figure 
1. 

« In Figure 3, curve 1-c is the DUR of the conventional system, 

M 

£ 10 while curve 1-p is the DUR of the system of the present 

yj 

W invention. The DUR as shown by curve 1-c decreases as the 

p 

M mobile stations increase, while the DUR as shown by curve 1-p 

ftj stays constant regardless of the number of mobile stations. On 

B the other hand, when the number of mobile stations decreases, 

jjj 15 the DUR as shown by curve 1-c becomes greater than the DUR 

p" of the system of the present invention, due to the effect of the 

? RAKE receiving. In conclusion, The communication quality of 

the present invention becomes better than that of the 
conventional system, due to the elimination of interference by 
20 the equalization, when a lot of mobile stations is controlled by 
a base station. 

Therefore, a single base station can controls greater number 
of mobile stations in the present invention than in the 
conventional system. 
25 [Second Embodiment] 

The second embodiment of the present invention is shown in 
Figure 4. As shown in Figure 4, the signal received by antenna 
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301 is converted into a base band signal by frequency 
conversion unit 302 of which output is inputted into RAKE 
receiver 303 and equalizing receiver 304. 
RAKE receiver 303 may be the conventional RAKE receiver 
5 as shown in Figure 5, while equalizing receiver may be the 
equalizing receiver as shown in Figure 1. The outputs from 
RAKE receiver 303 and equalizing receiver 304 are inputted 
into selector 305 in order to output higher quality data. 
In the second embodiment as shown in Figure 4, the output 

10 from RAKE receiver is compared with the output from 
equalizing receiver, in order to select the higher quality signal. 
As shown in Figure 3, the signal quality becomes lower, when 
the signal is decoded only by the equalizing under the smaller 
number of mobile stations controlled by a base station. 

15 However, according to the second embodiment, the signal 
quality is high due to the effect of RAKE receiving, even when 
the number of mobile stations is small. 

Industrial Applicability 

20 According to the present invention, the interference due to the 
unde sired signal of which timing is different from that of the 
desired signal is eliminated by the equalization of channel 
distortion. Therefore, the communication quality becomes high 
and the down channel capacity becomes large, due to the 

25 interference elimination. 
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CLAIMS 

1. (Amended) A mobile station receiving method on a down 
channel in a code division multiple access CDMA (Code 

5 Division Multiple Access) cellular system in which a base 
station modulates, by using orthogonal pseudo random codes, 
transmission signals towards a plurality of mobile stations, 
transmits the modulated signals synchronously, while said 
mobile stations receive the modulated signals distorted by a 

10 plurality of radio channels of which delay times are different, 

which is characterized in that said mobile station comprises 
an equalization filter and a transmission estimation unit, 
wherein said transmission estimation unit outputs an 
estimation result of frequency characteristics of transmission 

15 channel, and sets up such frequency characteristics of said 
equalization filter that the frequency characteristics of said 
equalization filter is inverse with that of the estimation result. 

2. The mobile station receiving method according to claim 1, 
wherein said filter comprises* 

20 a plurality of delay circuits which are connected in series; 

a plurality of multipliers each of which multiples each 
prescribed weight coefficient by the output from each delay 
circuit; and 

an adder for adding the outputs from said multipliers, 
25 wherein said modulated signals are equalized adaptively as 
the distortions of said radio channels changes. 



10/1 



3. A mobile station receiving method on a down channel in a 
CDMA (Code Division Multiple Access) cellular system in 
which a base station modulates, by using orthogonal pseudo 
random codes, transmission signals towards a plurality of 
5 mobile stations, transmits the modulated signals 
synchronously, while said mobile stations receive the 
modulated signals distorted by a plurality of radio channels of 
which delay times are different, 
which comprises- 

10 a first method for equalizing and demodulating said 
modulated signals from said base station, by using a filter of 
which frequency characteristics is inverse with that of said 
radio channels; and 
a second method for demodulating independently each of said 

15 modulated signals which pass through a plurality of said radio 
channels of which delay times are different, and for combining 
the demodulation results, 
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which is characterized in that an output with higher 
communication quality is selected among the outputs by said 
first and second method. 

4. The mobile station receiving method according to claim 3, 
wherein said filter comprises- 

a plurality of delay circuits which are connected in series; 

a plurality of multipliers each of which multiples each 
prescribed weight coefficient by the output from each delay 
circuit; and 

an adder for adding the outputs from said multipliers, 
wherein said modulated signals are equalized adaptively as 
the distortions of said radio channels changes. 

5. (Amended) A mobile station receiving method on a down 
channel in a code division multiple access CDMA (Code 
Division Multiple Access) cellular system in which a base 
station modulates, by using orthogonal pseudo random codes, 
transmission signals towards a plurality of mobile stations, 
transmits the modulated signals synchronously, while said 
mobile stations receive the modulated signals distorted by a 
plurality of radio channels of which delay times are" different, 
which is characterized in that said mobile station comprises: 

a frequency conversion unit for converting said modulated 
signals received by an antenna into base band signals; 

a channel estimation unit for detecting frequency 
characteristics of said radio channels on the basis of said 
modulated signals; 
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an equalization filter unit of which frequency characteristics 
is inverse with that of said radio channels, by using tap weight 
coefficients from said channel estimation unit ; and 

a demodulator for de-spreading and demodulating the outputs 
5 from said equalization filter unit of which inputs are said base 
band signals. 

6. A mobile station receiving apparatus on a down channel in 
a CDMA (Code Division Multiple Access) cellular system in 
which a base station modulates, by using orthogonal 

10 pseudo random codes, transmission signals towards a 

plurality of mobile stations, transmits the modulated 
signals synchronously, while said mobile stations receive 
the modulated signals distorted by a plurality of radio 
channels of which delay times are different, which is 

15 characterized in that said mobile station comprises a first 

receiving unit, a second receiving unit and a selection unit, 
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which is characterized in that said selection unit selects an 
output with higher communication quality is selected among 
the outputs by said first and second receiving units. 

7. (Amended) A communication system on a down channel in 
5 a code division multiple access CDMA (Code Division Multiple 

Access) cellular system in which a base station modulates, by 
using orthogonal pseudo random codes, transmission signals 
towards a plurality of mobile stations, transmits the modulated 
signals synchronously, while said mobile stations receive the 
5 10 modulated signals distorted by a plurality of radio channels of 

W which delay times are different, which is characterized in that 

P said mobile station comprises: 

yi a frequency conversion unit for converting said modulated 

s signals received by an antenna into base band signals; 

J 15 a channel estimation unit for detecting frequency 

q characteristics of said radio channels on the basis of said 

Jt modulated signals; 

an equalization filter unit of which frequency characteristics 
is inverse with that of said radio channels, bv using tap 
20 coefficients from said channel estimation unit ; and 

a demodulation unit for de- spreading and demodulating the 
outputs from said equalization filter unit of which inputs are 
said base band signals. 

8. A communication system on a down channel in a CDMA 
25 (Code Division Multiple Access) cellular system in which a base 

station modulates, by using orthogonal pseudo random codes, 
transmission signals towards a plurality of mobile stations, 



12/1 



transmits the modulated signals synchronously, while said 
mobile stations receive the modulated signals distorted by a 
plurality of radio channels of which delay times are different, 
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ABSTRACT 

An object of the present invention is to prevent degradation of 
communication quality and decrease of manageable number of 
5 mobile terminals due to interference by signal components 
received at different timings under channel distortion. The 
present invention is directed to a mobile station receiving 
method on a down channel in a CDMA (Code Division Multiple 
Access) cellular system in which a base station modulates, by 

10 using orthogonal pseudo noise sequences, transmission signals 
towards a plurality of mobile stations, transmits the modulated 
signals synchronously, while the mobile stations receive the 
modulated signals distorted by a plurality of radio channels of 
which delay times are different. The modulated signals 

15 transmitted by the base station are equalized and demodulated 
by using a filter of which frequency characteristics is inverse to 
that of the radio channels. 
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that I verily believe that I am the original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural inventors ai 
named) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 

MQp I<LE,- STftTIQN. ^RECEIVING METHOD AND MOBILE STATION RECEIVER 



the specification of which is attached hereto, unless the following box is checked: 

M was filed on October 22, 1999 tJ MZm^d&$mm*$${^l&&i<>miXor PCT International patent 

application number PCT/ JP 9 9 / 0 5 8 45 ^ w», amended on (if any). 



I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as amended by 
any amendment referred to above. 

I acknowledge the duty to disclose all information known to be material to patentability in accordance with Title 37, Code of Federal 
Regulations, §1.56. 

I hereby claim priority benefits under Title 35, United States Code §119 of any foreign application^) for patent or inventor's certificate or 
United States provisional apptication(s) listed below and have also identified below any foreign application for patent or inventor's certificate 
having a filing date before that of the application on which priority is claimed: 

Prior Foreign or Provisional Application^) 



APPLICATION NUMBER 



Japan 



313445/199R 



04 . 1 1 ,1 QQS 



YES X NO 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States applications) listed below and, insofar as the 
subject matter of each of the claims of this application 'is not disclosed in the prior United States application in the manner provided By the first 
paragraph of Title 35, United States Code, §112, I acknowledge the duty to disclose information which 'is material to patentability as defined in 
Title 37, Code of Federal Regulations, §1J6 which became available between the filing date of the prior application and the national or PCT 
international filing date of this application. 



I hereby appoint customer no. 2352 OSTROLENK, FABER. GERB & SOFFEN, LLP, and the members of the firm, Samuel H. Weiner - 
Reg. No. 1 8jjit-Je.rome M. Berliner - Reg. No. 1 S.653: Robert C. Faber - Ree. No. 24.322: Edward A. Meilman - Reg. No. 24J35: 
Stanley H. Lieberstein - Reg. No. 2 2,400 ; Steven L WeSburd - Reg. No. 27,409; M ax Moskowitz - Reg. Uo.2QJ3$; Stephen ATSoffen- 
Ree. No. 3U&L James A. Rndcf^teg. No. 30 ,1 73; William O. Gray, flT-'Reg. No. 30,944; Louis C. Dujmich - Reg. No. 30^25*^4 
Douglas A. Miro - Reg. No. ^ as attorneys with full power of substitution and revoca5o*rno prosecute this application, to transact all 
business in the Patent & Trademark Office connected therewith and to receive all correspondence. 



SEND CORRESPONDENCE TO: 



punishable by fine or imprisonment, < 



^^^^^^^^ 

CUSTOMER NO. 2352 

made herein of my own knowledge are true and that all statements made on information and belief are 
se statements were made with the knowledge that willful false statements and the like so made are 
both, under Section 1 00 1 of Title 18 of the United States Code, and that such willful false statements 
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HTROSUT PTTRTTfCaW^ 


INVENTOR'S SIGNATURE . 


DATE 

March 23, 2001 


RESIDENCE (Cry and cither Stale or Foreign Country) 

Tokvo, JavanXF&K 


COUNTRY OF CITIZENSHIP 

Japan 


POST OFFICE ADDRESS 

c/o NEC Corporation, 7-1, Shiba 5-chome, Minato-ku, Tokyo, Japan 


FULL NAME OF SECOND JOINT INVENTOR (tF ANY) 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE (dry and either State or Foreign Country) 


COUNTRY OF CITIZENSHIP 


POST OFFICE ADDRESS 


FULL NAME OF THIRD JOINT INVENTOR (IF ANT) 
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DATE 


RESIDENCE (dry and either State or Foreign Country) 


COUNTRY" OF OUZENSHJP 


POST OFFICE ADDRESS 
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